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;5' ;UD\GLIIUDFWLRQ
,QWURGXFWLRQ
7KHSURGXFWLRQRI]LQFEDVHGFRDWLQJVRQVWHHOLVRQHRIWKHPRVWFRPPHUFLDOO\LPSRUWDQWWHFKQLTXHVXVHGWRSURWHFW
FRPSRQHQWV H[SRVHG WR FRUURVLYH DWPRVSKHUHV >@ 7KH SURJUHVVLYH GHFD\ FDXVHG E\ FRUURVLRQ RQ WKH EHDULQJ
VWUXFWXUHVUHVXOWVLQDJUDGXDOGHFUHDVHLQPHFKDQLFDOVWUHQJWKGXHWRWKHUHGXFWLRQRIUHVLVWDQWVHFWLRQV
$QDSSURSULDWHSURWHFWLYHVWUDWHJ\HQVXUHVWKHQHFHVVDU\SURWHFWLRQRIVWHHODYRLGLQJVLWXDWLRQVRIULVNWRWKHVDIHW\
RISHRSOHDQGSURSHUW\DQGWKHUHVXOWLVDVDYLQJLQWHUPVRIHVVHQWLDOQDWXUDOUHVRXUFHVHQHUJ\DQGILQDQFLDORWKHUZLVH
LQYROYHGLQWKHUHFRQVWUXFWLRQRIVWUXFWXUHVFRPSURPLVHGRYHUWKH\HDUV7KHFRUURVLRQSURWHFWLRQLVWKHUHIRUHDNH\
WDUJHWLQWKHDIILUPDWLRQRIVXVWDLQDEOHGHYHORSPHQWRQHRIWKHPRVWUHOHYDQWLVVXHVLQWKHFRQWHPSRUDU\ZRUOG
)URPDWHFKQRORJLFDOSRLQWRIYLHZWKHSULQFLSOHVRIJDOYDQL]LQJKDYHUHPDLQHGXQFKDQJHGIRURYHU\HDUV7KH
VWUHQJWKRIWKLVSURFHVVLVWKHIRUPDWLRQRIDSURWHFWLYHFRDWLQJWKDWWDNHVSODFHGXULQJWKHLPPHUVLRQLQWKHPROWHQ
PHWDO$FRDWLQJOD\HULVGHYHORSHGRQWKHVWHHOVXUIDFHE\WKHUHDFWLRQEHWZHHQWKHVROLGSKDVHDQGWKHOLTXLGSKDVH
IRUPLQJDVHULHVRI]LQFLURQDOOR\VīįȗȘZLWKWKH]LQFFRQWHQWLQFUHDVLQJWRZDUGVWKHRXWVLGH
+RZHYHUGXHWRQHZDSSOLFDWLRQVLQWKHDXWRPRWLYHDQGLQWKHFRQVWUXFWLRQVHFWRUZKHUHDOZD\VPRVWSHUIRUPLQJ
PDWHULDOV DUH UHTXHVW UHFHQW VWXGLHV KDYH EHHQ FDUULHG RXW RQ WKH JDOYDQL]LQJSURFHVV DQG WKH SURGXFWLRQRI QHZ
FRDWLQJVXVLQJEDWKVFRQWDLQLQJGLIIHUHQWHOHPHQWV>@ELVPXWKQLFNHODOXPLQXPWLQHWF
7KHJDOYDQL]HGFRDWLQJVREWDLQHGZLWK=Q7LEDWKVKDYHEHHQVWXGLHGLQ WKHSDVW>@DVZHOODV WKH=Q)H7L
V\VWHP>@DVWKH\ZHUHFRQVLGHUHGLQWHUHVWLQJIRUWKHSRVVLELOLW\RIREWDLQLQJFRORUHGFRDWLQJVDSSUHFLDEOHLQWKH
DUFKLWHFWXUDOVHFWRUIRUVHYHUDODSSOLFDWLRQDVZLQGRZVKXWWHUVFRYHULQJRIHQWLUHIDFDGHVRUURRIVXQFRYHUHGEHDPV
DQGSLOODUVRULQWHULRUGHFRUDWLRQ7KHGLIIXVLYHG\QDPLFVDQGWKHPHFKDQLFDOSURSHUWLHVRIWKLVFRORUHGPHWDOVKDYH
VWLOOQRWEHHQLQYHVWLJDWHGLQGHSWK
7KHLQWHUHVWLQDFRDWLQJZLWKJUHDWFRUURVLRQUHVLVWDQFHJRRGPHFKDQLFDOSURSHUWLHVDQGLQDGGLWLRQDWWUDFWLYH
FRORULQJOHDGVWRFDUU\RXWQHZLQYHVWLJDWLRQVRQWKLVWRSLF>@7KHXVHRIWKLVDOOR\DOORZVWRREWDLQJDOYDQL]HGDQG
FRORUHGREMHFWVZLWKDVLQJOHSURFHVVUHGXFLQJSURGXFWLRQWLPHDQGFRVWV
+LJKWHPSHUDWXUHVRIWKHSURFHVVKDYHEHHQFKRVHQDFFRUGLQJWRWKHREVHUYDWLRQRQFRORUFKDQJHVRIWKHVXUIDFH
DIIHFWLQJWKHH[WUDFWLRQWHPSHUDWXUHRIWKHVDPSOHVDQGWKHFRROLQJUDWH
7KHH[SHULPHQWDOUHVXOWVLQGLFDWHWKDWWKHFRORUVRQWKHJDOYDQL]HGFRDWLQJFKDQJHFRQWLQXRXVO\GXULQJFRROLQJDIWHU
EHLQJH[WUDFWHGIURPWKHEDWKDQGWKHQVWDELOL]HDIWHUDIHZVHFRQGV7KHFRORULVGXHWRR[LGHILOPVRQWKHVXUIDFHWKDW
JLYHOLJKWLQWHUIHUHQFHHIIHFW
7KH SXUSRVH RI WKLV ZRUN LV WR VWXG\ WKH HIIHFW RI WLWDQLXP RQ ]LQFEDVHG FRDWLQJV PDNLQJ D VWUXFWXUDO
FKDUDFWHUL]DWLRQE\PHDQVRIDPHWDOORJUDSKLFDQDO\VLVFDUULHGRXWZLWKRSWLFDOPLFURVFRS\20VFDQQLQJHOHFWURQ
PLFURVFRS\6(0(';DQDO\VLV;5'DQDO\VLVDPHFKDQLFDOFKDUDFWHUL]DWLRQE\PHDQVRIKDUGQHVVDQGLPSDFWWHVW
DQGDFRORUHYDOXDWLRQRIWKHFRDWLQJVSHUIRUPLQJVSHFWUDOPHDVXUHPHQWV
7KHFRORUYDULDWLRQRIWKHFRDWLQJGXHWRWKHORZHULQJWHPSHUDWXUHKDVEHHQFRQWUROOHGWKURXJKWKHVSHFWUDOHPLVVLRQ
RIWKHVDPSOHDQGWKHFRORURQFHVWDELOL]HGKDVEHHQHYDOXDWHGE\PHDQVRIUHIOHFWDQFHFXUYHV
,QYHVWLJDWHGPDWHULDODQGPHWKRGV
7KHKRWGLSJDOYDQL]LQJZDVSHUIRUPHGRQVSHFLPHQVRIOHQJWKHTXDOWRPPPPZLGWKDQGPPRUPP
WKLFNQHVVREWDLQHGIURPVWHHOZLWKWKHFRPSRVLWLRQVKRZQLQ7DEOH
7KHVDPSOHVZHUHSLFNOHGLQDQDTXHRXVVROXWLRQRI+&ODWURRPWHPSHUDWXUHIRUPLQXWHVULQVHGLQIUHVK
ZDWHUIOX[HGLQDQDTXHRXVVROXWLRQFRQWDLQLQJJORI=Q&ODQG1+&OIRUPLQXWHVDWURRPWHPSHUDWXUHDQG
GULHGIRUPLQXWHVDW&
7KHEDWKFRPSRVLWLRQFRQVLGHUHGZDVSXUH]LQFZLWKWKHDGGLWLRQRIZWRIWLWDQLXP7KHDGGLWLRQRIWLWDQLXP
WRWKHJDOYDQL]LQJEDWKDOORZVWRREWDLQFRORUHGFRDWLQJV>@
7KHVDPSOHVZHUHJDOYDQL]HGIRUPLQXWHVDWWHPSHUDWXUHVLQWKHUDQJHRI&'XULQJHDFKJDOYDQL]LQJ
WKHWHPSHUDWXUHRIWKHEDWKZDVFRQWUROOHGE\DSRUWDEOHWKHUPRFRXSOH
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$IWHUWKHH[WUDFWLRQIURPWKHPROWHQDOOR\DFRQWLQXRXVYDULDWLRQRIFRORUVLVREVHUYDEOHRQWKHVDPSOHVVXUIDFH
GXHWRWKHDFWLRQRIWKHURRPDLUWHPSHUDWXUHVHWDWDSSUR[LPDWHO\&DQGWRWKHEDWKWHPSHUDWXUH7KLVSURFHVV
VWRSVLQDVKRUWWLPH
7DEOH&KHPLFDOFRPSRVLWLRQRIWKHVWHHO
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6SHFWUDOUDGLDWLRQPHDVXUHVZHUHSHUIRUPHGRQDILUVWVHWRIVSHFLPHQVGXULQJDFRPSOHWHDLUFRROLQJE\PHDQVRI
DVSHFWURUDGLRPHWHU-(7,6SHFERV89LQFRQWLQXRXVVFDQZLWKPVRILQWHJUDWLRQWLPHDQGDQLQWHUYDORI
VHFRQGVEHWZHHQRQHPHDVXUHDQGWKHVXEVHTXHQW/LJKWLQJZDVSURYLGHGRQO\ZLWK[:KDORJHQODPSVSODFHG
DWWKHVSHFLPHQKHLJKWDQGGLVSRVHGDWDQG±UHVSHFWWRWKHIURQWRIWKHVSHFLPHQ
2WKHUVDPSOHVZHUHDLUFRROHGDWURRPWHPSHUDWXUHIRUDIHZVHFRQGVDIWHUH[WUDFWLRQDQGWKHQTXHQFKHGLQZDWHU
:4 WR IL[ WKH FKRVHQ FRORU 7KLV SURFHVVZDV SHUIRUPHGZLWK  H[SHULPHQWDO VHWWLQJV VHH 7DEOH  WR REWDLQ
VSHFLPHQVZLWKDVLQJOHGLIIHUHQWFRORUFODVV7KHJUHHQVDPSOHLVWKLFNHUWKDQWKHRWKHUVEHFDXVHRQHRIWKHLPSRUWDQW
SDUDPHWHUVLQWKLVSURFHVVLVWKHFRROLQJUDWH7KLVSKHQRPHQRQLVJRLQJWREHWKHWRSLFIRUWKHQH[WVWXG\
6RPHSXUH]LQFJDOYDQL]HGVDPSOHVKDYHEHHQSUHSDUHGWREHHPSOR\HGDVPHDQVRIFRPSDULVRQZLWKWKH=Q7L
FRDWLQJV
7DEOH0DLQGDWDRIWKHSURFHVVIRUHDFKFRORUFODVV
&RORUKXHV 'LPHQVLRQPP 7HPSHUDWXUH& 'LSSLQJWLPHPLQ &RROLQJ
*ROGHQ\HOORZ [[   :4DIWHUVHF
3XUSOH [[   :4DIWHUVHF
%OXH [[   :4DIWHUVHF
/LJKWEOXH [[   :4DIWHUVHF
/LJKW\HOORZ [[   :4DIWHUVHF
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
,QRUGHUWRSURFHHGWRDSURSHUREVHUYDWLRQRIWKHFRDWLQJWKHJDOYDQL]HGVSHFLPHQVKDYHEHHQREVHUYHGLQFURVV
VHFWLRQ
7KHSROLVKLQJRIWKHVSHFLPHQVZDVSHUIRUPHGXVLQJ6L&DEUDVLYHSDSHUVZLWKGHFUHDVLQJJUDLQVL]HDQGWKHQZLWK
DVXVSHQVLRQZLWKPDOXPLQXPR[LGHSRZGHU
7KHILUVWREVHUYDWLRQZDVSHUIRUPHGZLWKRSWLFDOPLFURVFRS\
$IWHUZDUGVWKHVDPSOHVZHUHREVHUYHGE\PHDQVRID+LWDFKL66(04XDQWLWDWLYHFRPSRVLWLRQDODQDO\VLVZDV
SHUIRUPHGZLWKHQHUJ\GLVSHUVLYH;UD\VSHFWURVFRS\(';;5'PHDVXUHPHQWVZHUHPDGHZLWKD3KLOLSV3:
GLIIUDFWRPHWHUHTXLSSHGZLWKD3KLOLSV;3(57YHUWLFDO%UDJJ%UHQWDQRSRZGHUJRQLRPHWHU$VWHSVFDQPRGHZDV
XVHGLQWKHșUDQJHIURPWRZLWKDVWHSZLGWKRIDQGDFRXQWLQJWLPHRIVSHUVWHS7KHHPSOR\HG
UDGLDWLRQZDVPRQRFKURPDWHG&X.ĮDWN:N9P$
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,WZDVQRWSRVVLEOHWRXVHPRUHDFFXUDWHPHWKRGVRILQYHVWLJDWLRQIRUWKHR[LGHVOLNHD*UD]LQJ,QFLGHQFH'LIIUDFWLRQ
*,'GXHWRXQDYDLODELOLW\RIWKHQHFHVVDU\HTXLSPHQWLQRXUODEV
9LFNHUVPLFURKDUGQHVVWHVWVZHUHFDUULHGRXWWRGHWHUPLQHWKHKDUGQHVVRISKDVHVDQGWRKDYHLQIRUPDWLRQRQWKH
DYHUDJHVXUIDFHKDUGQHVVRIWKLVNLQGRIFRDWLQJ
7KH LQGHQWDWLRQVZHUHREWDLQHGXVLQJ D ORDGRIJ7KHSXUSRVH LV WRREWDLQ DQ DVVHVVPHQW RQ WKH DYHUDJH
KDUGQHVVRIWKHFRDWLQJWREHDEOHWRFRPSDUHLWZLWKWKHWUDGLWLRQDOSXUH]LQFJDOYDQL]HGRQH
7RHYDOXDWHWKHUHVLVWDQFHRIWKHFRDWLQJLPSDFWWHVWVZHUHFDUULHGRXWRQWKHVSHFLPHQV7KHKDPPHUZHLJKWLV
1DQGWKHKDPPHUUDGLXVPDGHRIDVWHHOEDOOLVPP
7KHWHVWVZHUHFDUULHGRXWE\YDU\LQJWKHLPSDFWKHLJKWZLWKWKH]HURIL[HGRQWKHVSHFLPHQVXUIDFH
,QWKLVZD\LWZDVSRVVLEOHWRREVHUYHWKHDPRXQWRIWKHGDPDJHRIWKHFRDWLQJDQGLQSDUWLFXODUWKHFUDFNVIRUPHG
LQWKHLQWHUPHWDOOLFSKDVHVLQRUGHUWRDVVHVVWKHORFDWLRQDQGWKHLUSRVVLEOHRULHQWDWLRQ
5HVXOWVDQGGLVFXVVLRQ
0LFURVWUXFWXUHREVHUYHGRQWKHVHFWLRQRIWKHFRDWLQJVKRZVIRUDOOWKHVDPSOHVWKHVDPHPRUSKRORJ\WKHRQO\
YDULDWLRQREVHUYHGLVWKDWZLWKWKHLQFUHDVLQJRIWKHWHPSHUDWXUHWKHWKLFNQHVVVOLJKWO\GHFUHDVHV0LFURVWUXFWXUHRID
FURVVVHFWLRQRIDVSHFLPHQFRDWHGDW&IRUPLQXWHVLVGHVFULEHGDVIROORZV
7KHFRDWLQJKDVDQDYHUDJHWKLFNQHVVRIPLQVWHDGRIWKHPREWDLQDEOHIURPSXUH]LQFEDWKVIRU
WKHVDPHGLSSLQJWLPH7KHVXUIDFHILQLVKLQJLVQRWRSWLPDOGXHWRWKHSUHVHQFHRIVRPHSURWXEHUDQFHVWKDWJLYHWKH
VXUIDFHDZULQNOHGDSSHDUDQFH7KLVLVSUREDEO\GXHWRWKHIDFWWKDWWKHDGGLWLRQRIWLWDQLXPFRQVLGHUDEO\LQFUHDVHVWKH
YLVFRVLW\RIWKHPROWHQEDWK
7KHPHWDOORJUDSK\SHUIRUPHGVKRZVWKHSUHVHQFHRIIRXULQWHUPHGLDWHSKDVHV)LJ


)LJ6(0PLFURJUDSKRIWKH=Q7LFURVVVHFWLRQ

7KHILUVW$KDVDKLJKFRQWHQWRILURQDQGDYHU\OLPLWHGWKLFNQHVVWKHFRPSRVLWLRQDQDO\VLVUHSRUWHGDQLURQFRQWHQW
RIZWDQG WKH DEVHQFHRI WLWDQLXP7KLV DOORZV WR LGHQWLI\ WKLV SKDVH DV WKHȽ >@ HYHQSUHVHQW LQ WKH
WUDGLWLRQDOJDOYDQL]LQJ
7KHVHFRQG%LVVWLOOD=Q)HSKDVHZLWKDWKLFNQHVVRIWKHRUGHURIPDQGLURQFRQWHQWRIZWZKLFK
FRUUHVSRQGVWRWKHFRPSRVLWLRQRIWKHįSKDVHRIWKHWUDGLWLRQDOJDOYDQL]LQJ
7KHWKLUG&KDVFRQVLGHUDEOHWKLFNQHVV,WLVPDGHE\DOPRVWSXUH]LQFWKXVVXJJHVWLQJWKHLGHQWLILFDWLRQRIWKHȘ
SKDVH7KLVSKDVHLVFRPSDFWGXFWLOHDQGIRUPVWKHPDWUL[ZKHUHWKHUHDUHGLVSHUVHGFU\VWDOVRIWKH'SKDVH
7KH IRXUWK ' LV IRUPHGE\ UHJXODUFU\VWDOVZLWKGLPHQVLRQV UDQJLQJ IURPIHZPLFURQVHYHQXS WRP
GLVSHUVHGLQ&SKDVH7KHDQDO\VLVFRQILUPWKHSUHVHQFHRI]LQFLURQDQGWLWDQLXPDWHUQDU\SKDVHKDYLQJDWLWDQLXP
FRQWHQWRIZWDQGDQLURQFRQWHQWRIZW7KLVFRPSRVLWLRQFRUUHVSRQGVZLWKWKHGDWDUHSRUWHGLQWKHOLWHUDWXUH
>@DQGSHUPLWWRLGHQWLI\WKHSKDVHDV77DX
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7KHUHVXOWVDOORZWRRXWOLQHDVXPPDU\RIWKHHIIHFWRIWLWDQLXPLQWKHIRUPDWLRQRIWKHLQWHUPHGLDWHSKDVHVLQWKH
FRDWLQJV,QDOOWKHDQDO\VLVSHUIRUPHGWKHVDPHVWUXFWXUHRIWKHSKDVHVKDYHEHHQGHWHFWHGDOLDVWKHSUHVHQFHRIȽį
DQGȘDOVRSUHVHQWLQFRQYHQWLRQDOFRDWLQJVLQDGGLWLRQWRWKHWHUQDU\SKDVH7ZKRVHDYHUDJHFRPSRVLWLRQZW
7LZW)HDQGZW=QLQDJUHHPHQWZLWKWKHDYDLODEOHOLWHUDWXUHFDQEHGHVFULEHGDSSUR[LPDWHO\E\WKH
IRUPXOD7L)H=Q>@

3.1. X-ray diffraction 
7KHSKDVHVRIDQDOOR\FDQEHGLIIHUHQWLDWHGRQWKHEDVLVRIPRUSKRORJ\FRORUDQGFKHPLFDOFRPSRVLWLRQ,QPDQ\
FDVHVWKHUHVXOWVREWDLQHGE\6(0(';DUHVXIILFLHQWIRUWKHLULGHQWLILFDWLRQ+RZHYHUWRHVWDEOLVKWKHWUXHLGHQWLW\
RIWKHSKDVHVLWZDVFRQVLGHUHGDSSURSULDWHWRFRQILUPWKHDQDO\VLVRIWKHFRPSRVLWLRQE\PHDQVRI[UD\GLIIUDFWLRQ
,QSDUWLFXODUWKHWHVWZDVIRFXVHGRQWKHUHVHDUFKRISKDVHVFRQWDLQLQJWLWDQLXP
7KHVXUIDFHKDVEHHQSUHSDUHGE\UHPRYLQJWKHURXJKQHVVXVLQJ6L&DEUDVLYHSDSHUV9LVXDODQDO\VLVE\PHDQVRI
RSWLFDOPLFURVFRSH DQG FRPSRVLWLRQ DQDO\VLV KDYH LGHQWLILHG WKH VDPH VWUXFWXUH RI WKH LQWHUPHGLDWH SKDVHV IRU DOO
VDPSOHV
7KHUHVXOWVGLVFXVVHGEHORZDUHDSSOLFDEOHWRDOOWKHFRDWLQJVREWDLQHGGXULQJWKLVVWXG\


)LJ'LIIUDFWRJUDPRIWKH=Q7LFRDWLQJ

)LJVKRZVWKHGLIIUDFWRJUDPREWDLQHG%\FRPSDULQJGLIIUDFWRJUDPVLQFOXGHGLQ7DQJHWDO>@ZRUNLWVKRZV
DQH[FHOOHQWFRUUHVSRQGHQFH7KHILJXUHKLJKOLJKWVWKDWWKHFRDWLQJPLFURVWUXFWXUHLVFKDUDFWHUL]HGE\WKHSUHVHQFHRI
WZRSKDVHVSKDVHWDX7DQGWKHSKDVHHWDȘ
6LQFHWKHODWWLFHSDUDPHWHUVWKHVSDFHJURXSDQGWKHFU\VWDOVWUXFWXUHRIWKH7SKDVHKDYHQRW\HWEHHQGHILQHGWKH
FRPSDULVRQRI WKHVSHFWUXPREWDLQHGZLWKWKHUHVXOWVRI WKHDYDLODEOHVWXGLHV LQ WKHVFLHQWLILF OLWHUDWXUHKDVEHHQD
IXUWKHUFRQILUPDWLRQWRDVVHVVWKHSUHVHQFHRI7
0RUHRYHULWLVREVHUYHGWKDWLQWKHWHPSHUDWXUHUDQJHLQZKLFKWKHFRDWLQJVZHUHREWDLQHG&WKH7
SKDVHLVWKHRQO\LQWHUPHGLDWHSKDVHZKLFKFRQWDLQVWLWDQLXP
)XUWKHUGLIIUDFWLRQWHVWVZHUHSHUIRUPHGRQWKHVDPHVDPSOHVUHPRYLQJJUDGXDOO\LQFUHDVLQJDPRXQWVRIFRDWLQJ
XSWRWKHVWHHOVXEVWUDWH7KHREWDLQHGVSHFWUDKDYHQRWUHYHDOHGWKHSUHVHQFHRIDGGLWLRQDOLQWHUPHGLDWHSKDVHVRWKHU
WKDQWKRVHGLVFXVVHGVRIDU
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3.2. Vickers micro-hardness test 
9LFNHUVPLFURKDUGQHVVWHVWVZHUHFDUULHGRXWWRGHWHUPLQHWKHKDUGQHVVRIWKH7SKDVHDQGWRJHWDQLQGLFDWLRQRQ
WKHDYHUDJHVXUIDFHKDUGQHVVRIWKH=Q7LFRDWLQJV
7KHLPSDFWWHVWVVKRZWKDWWKHFU\VWDOVRI7SKDVHDUHQXFOHDWLRQSRLQWVRIFUDFNVDWWULEXWDEOHWRWKHKLJKKDUGQHVV
+9DQGWKHSKDVHIUDJLOLW\
2WKHUWHVWVZHUHSHUIRUPHGWRHYDOXDWHWKHDYHUDJHVXUIDFHKDUGQHVVRIWKHFRDWLQJ7KHWHVWVZHUHSHUIRUPHGRQ
VDPSOHVFRDWHGDWGLIIHUHQWWHPSHUDWXUHV
7KH VSHFLPHQV ZHUH SUHSDUHG E\ UHPRYLQJ WKH RXWHUPRVW OD\HU UHVSRQVLEOH RI WKH FRORU SROLVKLQJ ZLWK 6L&
DEUDVLYHSDSHUVJULWVL]HLQRUGHUWRREWDLQDVXIILFLHQWO\VPRRWKVXUIDFHIRUWKHVXEVHTXHQWPLFURKDUGQHVV
WHVW
=Q7L FRDWLQJVREWDLQHG LQ WKH UDQJH&KDYHDOO WKH VDPHVWUXFWXUHDQG WKH VDPHSKDVHVPRUSKRORJ\
UHJDUGOHVVRIWKHFRORURIWKHFRDWLQJ
7KHPHDVXUHPHQWVZHUH SHUIRUPHG E\PRYLQJ UDQGRPO\ RQ WKH VXUIDFH RI WKH VDPSOHV7KHYDOXHV DUH UDWKHU
GLVSHUVHGEXWWKLVFDQEHH[SODLQHGRZLQJWRWKHPRUSKRORJ\RIWKHDUHDDIIHFWHGE\WKHLQGHQWHUFKDQJHVUDQGRPO\
IURPPHDVXUHWRPHDVXUH
7KHKDUGQHVVRIWKHWZRSKDVHVȘDQG7DUHYHU\GLIIHUHQWDPRQJWKHP+9WR+9IRUWKLVUHDVRQLWLV
XQGHUVWDQGDEOH KRZ D GLIIHUHQW FRQWHQW RI FU\VWDOV LQ WKH DUHD DIIHFWHG E\ WKH LQGHQWHU LPSOLHV YDULDWLRQV DOVR
VXEVWDQWLDORIWKHPHDVXUHGKDUGQHVV
)URPWKHWHVWLWFDQEHLQIHUUHGWKDWWKH=Q7LFRDWLQJVKDYHDQDYHUDJHKDUGQHVVRIDERXW+9WKHUHIRUHKLJKHU
WKDQDWUDGLWLRQDOJDOYDQL]HG+9
3.3. Drop weight impact test 
7KHDLPRIWKHVHWHVWVLVWRHYDOXDWHWKH=Q7LFRDWLQJVGDPDJHLQSDUWLFXODULWLVLQWHUHVWLQJWRREVHUYHWKHSRVLWLRQ
H[WHQVLRQDQGRULHQWDWLRQRIWKHFUDFNVSURSDJDWLQJLQWKHLQWHUPHWDOOLFSKDVHV
7KHUHVXOWVZHUHFRPSDUHGZLWKVLPLODUWHVWVSHUIRUPHGRQWUDGLWLRQDOJDOYDQL]HGVDPSOHVWRKLJKOLJKWWKHSRVVLEOH
GLIIHUHQWEHKDYLRURIWKHWZRFRDWLQJV
6RPHSUHOLPLQDU\ WHVWVZHUHSHUIRUPHGWRHYDOXDWH WKHRYHUDOOEHKDYLRURI WKHFRDWLQJ)URPWKHVH WHVWV LWZDV
IRXQGWKDWWKHEUHDNRFFXUVDQGWKH]LQFOD\HUGHWDFKHVDWDQHQHUJ\HTXDOWR-DEVRUEHGE\WKHVSHFLPHQ
7KHWHVWFRQVLGHUHGYDOLGFRUUHVSRQGVWR-VRWKHVSHFLPHQUHFHLYHVDVWUHVVWKDWSURGXFHVHQRXJKFUDFNVIRUWKH
YLVXDODQDO\VLVE\RSWLFDOPLFURVFRSHEXWLWLVQRWDEOHWRFDXVHEUHDNDJHDQGGHWDFKPHQWRIWKHFRDWLQJ
7KHYLVXDODQDO\VLVRIWKHVDPSOHVZDVSHUIRUPHGXVLQJDQRSWLFDOPLFURVFRSHH[DPLQLQJERWKWKHVWUHWFKHGDQG
WKHFRPSUHVVHG]RQH
0RVW RI WKH FUDFNV GHYHORS LQ WKH VWUHWFKHG ]RQH VWDUWLQJ LQ JHQHUDO DW WKH LQWHUIDFH VXEVWUDWHFRDWLQJ DQG
SURSDJDWHLQGLIIHUHQWGLUHFWLRQV6RPHFUDFNVSURSDJDWHLQSHUSHQGLFXODUGLUHFWLRQWRWKHLQWHUIDFH)LJ$QDPHO\
LQWKHORDGDSSOLFDWLRQGLUHFWLRQ
$QRWKHUW\SHRIFUDFNFDQRULJLQDWHZLWKLQD7SKDVHFU\VWDO)LJ%
7\SLFDOO\WKHFUDFNVDIIHFWWKHHQWLUHWKLFNQHVVRIWKHįSKDVHDQGWHQGWRVWRSDWWKHERUGHUZLWKȘSKDVHZKLFK
PD\EHH[SODLQHGE\WKHPHFKDQLFDODQGVWUXFWXUDOFKDUDFWHULVWLFVRIWKHSKDVHį7KHODWWHULVFKDUDFWHUL]HGE\KLJK
YDOXH RI KDUGQHVV DERXW +9 >@ DQG WKHUHIRUH WHQGV WR EH IUDJLOH ,W DOVR KDV DPHWDOORJUDSKLF VWUXFWXUH
FKDUDFWHUL]HGE\FROXPQDUJUDLQVRULHQWHGLQDSHUSHQGLFXODUGLUHFWLRQWRWKHVXEVWUDWH7KHUHIRUHWKHFUDFNVIRUPHG
GXULQJWKHLPSDFWLQWKHIUDJLOHȽSKDVHDERXW+9ILQGQRREVWDFOHVWRWKHSURSDJDWLRQLQįSKDVH
&RQYHUVHO\WKHVXEVHTXHQWȘSKDVHIRULWVGXFWLOLW\WHQGVWRVWRSWKHFUDFNVWKHHQHUJ\RIWKHFUDFNSURSDJDWLRQ
LVDEVRUEHGE\ȘLQWKHIRUPRISODVWLFGHIRUPDWLRQ
7SKDVHLVFKDUDFWHUL]HGE\KLJKYDOXHRIKDUGQHVVVHHWKH9LFNHUVPLFURKDUGQHVVWHVWVHFWLRQDQGWKHUHIRUHDV
DOUHDG\VHHQIRUȽSKDVHLWLVDQHDV\SRLQWRILQLWLDWLRQRIFUDFNVGXHWRLWVLQWULQVLFIUDJLOLW\
,IPRUHFUDFNVPHUJHWRJHWKHUWKH\FDQSDVVWKURXJKWKHHQWLUHFRDWLQJDVVKRZQLQ)LJ
$FRPSDULVRQEHWZHHQWKHEHKDYLRURIWKH=Q7LFRDWLQJVDQGWKHWUDGLWLRQDOJDOYDQL]LQJVSHFLPHQVZLWKUHJDUG
WRWKHLPSDFWWHVWVKDVDOVREHHQFDUULHGRXW)LJVKRZVWKHFUDFNSURSDJDWLRQLQDSXUH]LQFFRDWLQJVXEMHFWHGWR
WKHVDPHLPSDFWWHVWRIWKH=Q7LFRDWLQJ
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)LJ20PLFURJUDSKRID=Q7LFRDWLQJDIWHUWKHLPSDFWWHVW

)LJ20PLFURJUDSKRIDSXUH=QFRDWLQJDIWHUWKHLPSDFWWHVW

7KHEDVLFPHFKDQLVPRIIRUPDWLRQDQGSURSDJDWLRQRIFUDFNVLVWKHVDPHDVWKDWVHHQIRU=Q7LFRDWLQJV7KHFUDFNV
DUHIRUPHGLQWKHȽSKDVHDQGWHQGWRSURSDJDWHLQDSHUSHQGLFXODUGLUHFWLRQWRWKHLQWHUIDFHZLWKWKHVWHHOVXEVWUDWH
(YHQLQWKLVFDVHWKHįSKDVHEHFDXVHRILWVIUDJLOLW\DQGLWVVWUXFWXUHIRUPHGE\FROXPQDUJUDLQVSHUSHQGLFXODUO\
RULHQWHGWRWKHLQWHUIDFHDOORZVWKHSURSDJDWLRQRIFUDFNV1HYHUWKHOHVVWKHFUDFNVVWRSLVFDUULHGRXWE\WKHȗSKDVH
DQGWKHȘSKDVHDVLVWKHFDVHRI=Q7LFRDWLQJVZKHUHKRZHYHUWKHȗSKDVHLVDEVHQW$IXUWKHUGLIIHUHQFHLVWKDWLQ
WKHFRQYHQWLRQDOFRDWLQJVWKHFUDFNVIRUPDWLRQZDVGHWHFWHGRQO\LQWKHVWUHWFKHG]RQHZKLOHLQ=Q7LFRDWLQJVFUDFNV
ZHUHREVHUYHGDOVRLQWKHFRPSUHVVHG]RQH
&RQFOXVLRQV
$QH[SHULPHQWDOVWXG\KDVEHHQFDUULHGRXWWRHYDOXDWHDFRDWLQJSURYLGHGE\D]LQFDOOR\ZLWKZWRIWLWDQLXP
7KHDGGLWLRQRIWLWDQLXPWRWKHJDOYDQL]LQJEDWKDOORZVWRREWDLQFRDWLQJVZLWKGLIIHUHQWFKDUDFWHULVWLFVFRPSDUHGWR
WUDGLWLRQDOJDOYDQL]HG
8QGHUDSSURSULDWHFRQGLWLRQVRIEDWKWHPSHUDWXUHDQGFRROLQJUDWHRIWKHJDOYDQL]HGVSHFLPHQVLVSRVVLEOHWRREWDLQ
FRORUHGFRDWLQJV,WFDQEHRIFRQVLGHUDEOHLQWHUHVWLQVRPHDSSOLFDWLRQV
7KH=Q7L FRDWLQJVKDYH DJUHDWHU WKLFNQHVV WKDQ WKH WUDGLWLRQDO FRDWLQJV IRU DQ HTXDOGLSSLQJ WLPHGXH WR WKH
LQFUHDVHGGHQVLW\RIWKHEDWK7KLVDOVRPHDQVWKDWLWLVSRVVLEOHWRREWDLQDFRDWLQJRIHTXDOWKLFNQHVVRIDWUDGLWLRQDO
JDOYDQL]HGVDPSOHEXWLQOHVVWLPH
5HJDUGLQJWKHPHFKDQLFDOFKDUDFWHULVWLFVWKH=Q7LFRDWLQJVDUHPRUHIUDJLOHWKDQWKHWUDGLWLRQDORQHV7KDWLVGXH
WR7SKDVHWKDWUHSUHVHQWVDQHDV\SRLQWRILQLWLDWLRQRIFUDFNVIRULWVIUDJLOLW\)RUWKLVUHDVRQWKH\DUHQRWVXLWHGIRU
G\QDPLFVWUHVVHVRILPSXOVLYHW\SH&RQYHUVHO\WKH\KDYHDJUHDWHUDYHUDJHVXUIDFHKDUGQHVVDQGWKHUHIRUHWKH\FDQ
EHXVHGLQFHUWDLQW\SHVRIVWDWLFDSSOLFDWLRQV
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